Abstract-When integrated to the power system, large wind farms pose stability and control issues. A thorough study is needed to identify the potential problems and to develop measures to mitigate them. Integration of high levels of wind power necessitates additional control and compensating equipments to enable recovery from severe system disturbances.
I. INTRODUCTION
One of the major issues concerning a wind farm interconnection to a power grid concern is its dynamic stability on the power system. Voltage instability problems occur in a power system that is not able to meet the reactive power demand during faults and heavy loading conditions. Standalone systems are easier to model, analyze and control than large power systems in simulation studies.
FACTS such as the STATCOM and the UPFC are being used extensively in power systems because of their ability to provide flexible power flow control. The main motivation for choosing STATCOM in wind farms is its ability to provide bus bar system voltage either by supplying and/or absorbing reactive power into the system. The applicability of a STATCOM in wind farms is able to supply reactive power requirements under various operating conditions, thereby improving the steady-state stability limit of the network. When a STATCOM has been introduced into the system as an active voltage/var supporter improves stability.
Low Voltage Ride Through (LVRT) is a recently introduced requirement that transmission operators demand from wind farms. A STATCOM is being evaluated for its performance to effectively provide LVRT for wind turbines in a wind farm.
II. WIND TURBINE
The WT considered in this paper is Induction Generators (IG) that are capable of variable speed operation. An IG has a power electronic converter by which reactive power can be controlled. A STATCOM was employed to regulate the voltage at the bus, to help maintain constant DC link voltages at individual wind turbine inverters during disturbances. The dynamic IG model Power has been used for the simulations. The STATCOM with a higher rating capacity was developed based on the study of an available low capacity STATCOM model. The complete power grid studied in this paper is a combined case study of interconnected two wind turbines, a synchronous generator, a STATCOM and a typical load all forming a four bus system.
Fig 1. Block diagram of IG
A back-to-back converter is connected between the rotor and IG. The main objective of the grid side converter(GSC) is to keep the DC link voltage constant and reactive power maintains the power factor at unity. The GSC works as supplementary reactive power compensation during the fault. Rotor side converters(RSC) controls the stator active and reactive powers, the machine speed and the stator reactive power. The stator of the IG is directly connected to the grid and the slip-rings of the rotor are fed by self-commutated converters. By controlling the reactive power generated or absorbed by the RSC, voltage or reactive power at the grid terminals can be controlled.
III. PERFORMANCE OF A WT WITH FAULTS ON THE SYSTEM
The power generated by variable speed wind turbines is greater than fixed speed wind turbines. Recently developed grid codes require that wind turbines be able to withstand voltage disturbances without disconnection, which is known as the LVRT capability of the wind turbine. Figure 2 shows the LVRT requirement for wind generation. The LVRT requires that a WT does not trip even if the voltage drops to 0.15 per unit for about 0.625 seconds. If due to a fault, the voltage drops below this value, the wind turbine can be tripped until the system restores and the wind turbine can be resynchronized. Details received by FERC, sets specific wind power requirements. This paper focuses mainly on the low voltage ride through requirement for wind turbines. Figure 3 shows the basic model of a STATCOM which is connected to the ac system bus through a coupling transformer. 
IV. THE STATCOM

A. STATCOM model
B. Control Scheme
The STATCOM is a static var generator whose output can be varied so as to maintain or control certain specific parameters of the electric power system.. Figure 4 shows the block diagram of the STATCOM controller.
Fig 4. Control scheme of the STATCOM
By controlling the phase and magnitude of the STATCOM output voltage, the power exchange between the ac system and the STATCOM can be controlled effectively.
V. TEST SYSTEM & SIMULATION RESULTS
A. Test System
The proposed test system has two types of generators -a IG and a synchronous generator. Under normal operating conditions, the synchronous generator is not operating at its full capacity to accommodate for power reserve in the system. One of the objectives of this paper is to evaluate the specific needs of the system to restore to its initial state as quickly as possible after fault clearing.
B. Simulation Results
The effect of a three phase high impedance (X f =5Ω) short circuit fault at the load bus is studied. The ground fault is initiated at t=0.4 sec and cleared at t=0.6 sec. The system is studied under different conditions at the load bus as chosen below. The study evaluates voltages during the fault, voltage recovery time, voltage overshoot at recovery, and the settling time. Figure 5 shows the voltage at the load bus or the fault bus for the different operating conditions. Figure 6 shows the zoomed version of the load bus voltages. The IG with the high rating STATCOM yields the best performance and operates normally even during the faulted conditions.The total reactive power demand is provided by the STATCOM. The rotor protection scheme called "crowbar" protection is removed once the rotor currents return to normal. It can be observed that there is a voltage overshoot at recovery for every case where a STATCOM is used. 
VI. CONCLUSION
The dynamic performance of wind farms in a power grid is improved by the application of a STATCOM. The STATCOM helps to provide better voltage characteristics during severe faults like three phase impedance short circuit faults as well. The response of a wind farm to sudden load changes is improved by the use of a STATCOM in the system.
